The problem with fixed valve timing that the valve train is set by the automaker for peak efficiency running at a specific point in the engine's operating range. When the vehicle is moving slower or faster than this ideal operating point the engine's combustion cycle fails to properly burn the air/fuel mixture leading to considerably compromised engine performance and wastes fuel. Variable Valve Timing (VVT) is a solution developed to overcome this engine deficiency, dynamically altering the valve's opening and closing for optimal performance at any speed. The intension in this work is to contribute towards pursuing the development of variable valve timing (VVT) for improving the engine performance. This investigation covers the effect of exhaust valve opening (EVO), and closing (EVC) angle on engine performance and emissions. The aim is to optimize engine power and brake specific fuel consumption (BSFC) where the effect of engine speed has also been considered. Power, BMEP, BSFC, NO, and CO were calculated and presented to show the effect of varying valve timing on them for all the valve timing cases. The calculations of engine performance were carried out using the simulation and analysis engineering software: LOTUS", and engine emissions were calculated using "ZINOX" program. Sensitivity analysis shows that the reduction of 10% of (EVO) angle gave a reduction of around 2.5% in power and volumetric efficiency, also a slight increase in nitrogen oxide (NO) and carbon monoxide (CO), while a 10% decrease in (EVC) causes around 1% improvement in Power. The effects of different (VVT) from the simulations are analyzed and compared with those in the reviewed literature.
Introduction
Talking about the reduction of engine fuel consumption means to keep unvaried, sometimes improved, the performance level of current engine production. Dealing with engine topics exclusively, improving fuel economy to reduce CO 2 emissions means improving the engine thermal efficiency [1] .This target can be met following different routes, each of them could be an effective way with different cost-to-benefit ratio. Often, it could be observed, it is helpful to adopt numerous solutions simultaneously. As an example, fast combustion, lean burn, variable valve timing and actuation, gasoline direct injecttion and so on. It is known that load reduction in spark-ignition engines is traditionally realized by introducing additional losses during the intake stroke by means of a throttle valve. At these operating points, the engine efficiency decreases from the peak values to values dramatically lower. The optimization of intake and exhaust valve timing can provide significant reductions in pumping losses at part load operation [2] [3] [4] .
Also, the control of gas emissions has begun to add to the numerous constraints that vehicle manufacturers have to satisfy. Furthermore, the reduction of engine fuel consumption becomes a primary requirement as well as meeting current and future emission legislations. By using variable valve timing (VVT) technology it is possible to control the valve lift, phase, and valve timing at any point on the engine map, with the result of enhancing the overall engine performance. By using variable valve timing (VVT) technology it is possible to control the valve lift, phase, and valve timing at any point on the engine map, with the result of enhancing the overall engine performance. To get full benefits from (VVT), various types of mechanisms have been proposed and designed. Some of these mechanisms are in production and have shown significant benefits in improving engine performance [5, 6] . Bozza et al. [7] have developed a 1-D mathematiccal model to simulate the operation of a SI engine equipped with (VVT). They examined the effect of the two valves timing on the engine performance, and demonstrated the potential of employing variable inlet and exhaust valve timing. Bonatesta et al. [8] have examined the influence of valve timings on the flame development angle and the rapid burn angle. He showed that at lower speeds and work output conditions, valve timing influenced burn angles through changes in dilution mass fraction, charge density, and charge temperature.
Cao et al. [9] have investigated the influence of valve timings on controlled auto-ignition (CAI) combustion in a four-stroke engine. The analysis shows that the intake valve opening (IVO) and intake valve closing (IVC) timings have a strong influence on the gas exchange and mixing processes in the cylinder, which in turn affect the engine performance and emissions. Symmetric (IVO) timing relative to exhaust valve closing (EVC) timing tends to produce a more stratified mixture, earlier ignition timing, and localized combustion, and hence higher NOx and lower unburned HC and CO emissions, whereas retarded (IVO) leads to faster mixing, a more homogeneous mixture, and uniform temperature distribution. The variable valve timing strategy has a strong influence on the gas exchange process, which in turn influences the engine parameters and the cylinder charge properties, hence the control of the (CAI) process. The (EVC) timing has the strongest effect, followed by the IVO timing, while the (EVO) and (IVC) timings have minor effects [10] . Ping et al. [11] have investigated the effect of Variable Cam Timing (VCT) for intake and exhaust valve on the gasoline engine performance. Ping was simulated the analysis using software "WAVE". The result showed that the torque at low speed and the maximum power are increased, and the fuel consumption at low speed and part load condition is improved by using (VCT). The objective of this work is to find the effect of variable timing of the exhaust valve on the performance of SI engines (power, BMEP, and BSFC) and emissions for different engine running conditions and speeds.
Theoretical Analysis

Modeling the Intake and Exhaust Process
The induction and exhaust process were modeled using the mass flow through the valve concept. For this purpose we used empirical data. Data giving measured effective valve areas, or flow coefficients (C f ), are required as input values to the program. A mathematical model of the flow through the valve is developed, from which the effective' area of the valve throat can be derived from the measured values of pressure across the valve and the mass flow rates, Woods and Khan [12] .
Gas Properties Calculations
Gas is transferred to all elements as a mixture of 11 gases plus fuel. The properties of the individual gases are calculated as functions of temperature with these properties being averaged as molar fractions to give the overall properties of the mixture. The main benefit of this approach is that a wide range of fuels and air fuel ratios can be accurately simulated with the effects of gas composition on parameters such as the speed of sound in exhaust systems being correctly calculated. The gas species considered are; CO 2 , CO, N 2 , H 2 O, O 2 , H 2 , C 8 H 18 , C 12 H 26 , CH 4 , H, N, NO, O, OH. The gas property model is based on polynomial curve fits to thermodynamic data for each species [13] .
Combustion Process
In this simulation, the combustion process was modeled as a single zone combustion model and the Wiebe relations [14] have been used.
The Wiebe function defines the mass fraction burned as 
Heat Transfer
Heat transfer was modeled in all elements. Within cylinders the empirically derived heat transfer correlation proposed by Annand [15] was employed.
The connective heat transfer model proposed by Annand is defined as; D cyl = cylinder bore [mm] . Re = Reynolds number based upon mean piston speed and the engine bore.
Thus the heat transfer per unit area of cylinder wall is defined as: 
Design Tool
For the purpose of analyzing the engine characteristics the dimensions were considered with Lotus Engineering Software. The engine model is a single-zone model which solves the basic differential equations for intake, compression, power and exhaust strokes. In this analysis, a model of a single cylinders engine has been built and investigated. The fuel used in this study is a gasoline (C 8 H 18 ). Port injection system has been studied. The compression ratio is 8:1 and kept constant for all engine runs. The EVO was varied from 0˚ -25˚ and EVC varied from 0˚ -60˚. The engine speed was varied from 1000 -5000 rpm. All tests were carried out for equivalence ratio φ = 1. The empirical heat release functions are derived from the Wiebe equation. The engine model uses Annand correlation to estimate engine heat transfer. The engine model also includes a friction model to predict brake power. The engine performance and emissions has been calculated and analyzed. The base engine data are given in Table 1 . The engine valve timing is shown in Figure  1 . The values of mole fraction of NO, CO were calculated by "ZINOX" program developed by Teodorczyk et al. [16] . In this program, the kinetic model for NO is based on the theory developed by Lavoie et al [17] .
Results
Exhaust Valve Opening Angle (EVO)
The calculations were carried out for the engine geometry, fuel, and running conditions shown in Table 1 . The original value of (EVO) angle bBDC was varied from 22˚ down to 0˚ at BDC in steps; all other parameters were kept constant. The calculations are performed at full load conditions. Figure 2 shows the brake power versus the (EVO) angle opening bBDC for different engine speeds between (1000 -5000 rpm). It shows a decrease in power with the (EVO) angle reduction for all engine running speeds. But it is less sever at lower engine speed (less than 1500 rpm).That was noticed by Shiga et al.
[4], who showed that, at low speeds, a late (EVO) reduce the volumetric efficiency ηvol. In contrast at high engine speeds early (EVO) leads to greater reduction in volumetric efficiency, and this limits the output power. This ηvol reduction was also noticed by Stone [18] , where limited maximum power output was noticed. The late opening of the exhaust valve bBDC showed a decrease in BMEP for all engine speeds. In Figure 3 , the variation of BMEP versus (EVO) angle bBDC at different engine running speeds between (1000 -5000 rpm) is shown. This is due to the less effective scavenging of the cylinder, as the pressure decreases, hence the reduced work and BMEP. The effect on BSFC is the opposite as shown in Figure 4 . It shows the variation of BSFC versus (EVO) angle that BSFC is highly affected by (EVO) angle at high engine speeds, while it is increased slightly by reducing (EVO) angle at low engine speeds emissions.
Exhaust Valve Closing Angle (EVC)
For the engine geometry and running conditions shown in Table 1 , all parameters were kept constant except the (EVC) angle. It was varied from the original value 54˚ aTDC down to 0˚ at TDC in steps. As shown in Figure 5 the brake power is drawn versus the EVC angle for different engine speeds between (1000 -5000 rpm). It shows an increase in power with the (EVC) angle reduction but this increase in power was small for values of (EVC) less than 25˚ for all engine running speeds considered. This ffect is more recognized at higher engine speeds (2500 -e Copyright © 2013 SciRes. EPE
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Copyright © 2013 SciRes. EPE 5000 rpm). This was also noticed by Shiga et al. [4] . He mentioned that the increase in power may be due to the reduction of residual gases and backflow of exhaust into the inlet manifold, but a late (EVC) closing causes the high pressure exhaust gas reducing the amount of inlet mixture incoming through the inlet manifold. As indicated by Fontana et al.
[1] that retarded valve close angles induce a considerable reverse flow and results in the reducetion of ηvol and internal exhaust gas recirculation. Figure 6 shows the variation of BMEP versus (EVC) angle. The late closing of the exhaust valve showed an increase in BMEP especially at higher engine speeds is noticed. A less effect on BMEP at lower engine speeds. Also this figure shows the insensitivity of BMEP for (EVC) angle at less than 25˚. This was also noticed by Fontana et al. [1] as by decreasing the (EVC) angle the BMEP increases. The BSFC is hardly affected by EVC angle higher than 25˚ for low engine speeds (less than 1500 rpm) as shown in Figure 7 , but it was sensitive to (EVC) angle aTDC variation for higher engine speeds. The mechanism is operated by planetary gear train to continuously and precisely change the phase angle between camshaft and crank shaft. The internal ring gear has an external worm tooth so it can acts like a worm wheel. It trains with the worm, the mechanism is operated by planetary gear train to continuously and precisely change the phase angle between camshaft and gear. The four identically planetary gears are meshing with the ring gear and the sun gear and they are carried by the two arms. Figure 8 shows the effect of (EVO) angle on NO emission at different engine speeds. The reduction of EVO angle causes a further increase of NO mole fraction down to angle 0˚. It is also the case for CO emission mole fraction as shown in Figure 9 . The effect of (EVC) angle aTDC on NO emission is shown in Figure 10 . The reduction of (EVC) angle causes an increase in NO down to angle 30˚. A further decrease in EVC angle causes a decrease in NO emission. It is also the case for CO emission as shown in Figure 11 . 1) There is a little effect on engine performance when (EVC) angles reduced to less than 25˚ bTDC at low speeds.
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2) There is a reduction in engine performance by decreasing the (EVO) angle bBDC at all engine speeds and an increase of NO emissions. 3) The effect of (EVC) reduction is beneficial to Power, BMEP, and BSFC for different speed and also will reduce engine NO and CO emission down to 20˚ degrees. 4) On the contrary the (EVO) reduction causes a drop in the engine performance and increase NO and CO emission.
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